Regional regression analysis, using generalized least squares regression, was used to develop a set of predictive equations that can be used to estimate the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year recurrence-interval flows for rural ungaged basins in the Blue Ridge, Piedmont, upper Coastal Plain, and lower Coastal Plain physiographic provinces of South Carolina. The predictive equations are all functions of drainage area. Average errors of prediction for these regression equations ranged from -16 to 19 percent for the 2-year recurrence-interval flow in the upper Coastal Plain to -34 to 52 percent for the 500-year recurrenceinterval flow in the lower Coastal Plain.
A region-of-influence method also was developed that interactively estimates recurrence-interval flows for rural ungaged basins in the Blue Ridge of South Carolina. The region-of-influence method uses regression techniques to develop a unique relation between flow and basin characteristics for an individual watershed. This, then, can be used to estimate flows at ungaged sites. Because the computations required for this method are somewhat complex, a computer application was developed that performs the computations and compares the predictive errors for this method. The computer application includes the option of using the region-of-influence method, or the generalized least squares regression equations from this report to compute estimated flows and errors of prediction specific to each ungaged site. From a comparison of predictive errors using the region-of-influence method with those computed using the regional regression method, the region-of-influence method performed systematically better only in the Blue Ridge and is, therefore, not recommended for use in the other physiographic provinces.
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INTRODUCTION
One of the most important factors in the design of bridges, highway embankments, culverts, levees, and other structures near streams is the magnitude and frequency of floods that are likely to occur during the life of the structure. Federal, State, regional, and local officials also need these data for effective floodplain management and to delineate areas susceptible to flooding.
In an effort to continue to improve the floodfrequency estimates for South Carolina, the U.S. Geological Survey (USGS), in cooperation with the South Carolina Department of Transportation (SCDOT), updated previous flood-frequency reports by incorporating additional data collected through the 1999 water year. A water year, which is the 12-month period from October 1 to September 30, is designated by the calendar year in which it ends. Thus, the 12-month period ending September 30, 1999, is called the "1999 water year." Throughout this report, "peak flow" refers to the maximum peak for the water year.
Purpose and Scope
Two methods for predicting the magnitude and frequency of floods in South Carolina at ungaged, rural basins that are not significantly affected by regulation are presented with the estimated error of each method. The two methods are the regional regression method and the region-of-influence method (Tasker and Slade, 1994; Hodge and Tasker, 1995; Pope and Tasker, 1999) . Flood-frequency estimates at streamflowgaging stations, and methods for estimating the magnitude and frequency of floods at or near these streamflow-gaging stations also are provided. Peak-flow data were analyzed for 167 streamflow-gaging stations (54 in South Carolina, 65 in North Carolina, and 48 in Georgia) for streams that drain rural basins without significant regulation and have at least 10 years of peakflow data through the 1999 water year ( fig. 1 ; data for South Carolina stations shown in appendices A and B).
Previous Investigations
The earliest investigation of flood frequency of streams in South Carolina was made by Speer and Gamble (1964) , who presented methods for estimating the magnitude of floods for selected recurrence intervals for streams in the South Atlantic slope basin. This area extends from the James River in Virginia to the Savannah River along the South Carolina-Georgia State line (Guimaraes and Bohman, 1991) . Whetstone (1982) used multiple regression analyses to define the relation between flows and basin characteristics at recurrence intervals of 2, 5, 10, 25, 50 , and 100 years, for unregulated, rural streams in South Carolina with drainage areas greater than 1.0 mi 2 . Frequencies of peak flows were regionalized by Guimaraes and Bohman (1991) using generalized least squares regression methods to define the relation of magnitude and frequency of flows to various basin characteristics on ungaged, rural streams that were not significantly affected by regulation. Bohman (1992) described methods for determining flood-frequency relations for urban streams in South Carolina. This report updates and supersedes the previous flood-frequency report for rural streams in South Carolina by Guimaraes and Bohman (1991) .
Description of Study Area
The study area includes the entire State of South Carolina, which is located on the South Atlantic slope adjacent to the Atlantic Ocean. The State has an area of 31,055 mi 2 , and generally is divided into three major physiographic provinces: Blue Ridge, Piedmont, and Coastal Plain (Cooke, 1936) . The Coastal Plain is further divided into the upper Coastal Plain and the lower Coastal Plain. The physiographic provinces and locations of data-collection sites in South Carolina and in adjacent areas in North Carolina and Georgia are shown on figure 1. 1,000 to more than 3,500 ft above sea level. Surface fractures in crystalline rock provide channels for runoff. Overlying the crystalline bedrock is a layer of weathered bedrock or saprolite. Although some rainfall infiltrates the saprolite layer, the steep-sided slopes and semipermeable soils in this region cause much of the rainfall to run off rapidly into stream channels (South Carolina Water Resources Commission, 1983) .
Rolling hills, elongated ridges, and moderately deep to shallow valleys characterize the Piedmont physiographic province of South Carolina. Piedmont land-surface elevations range from about 1,000 ft above sea level at the Blue Ridge foothills to about 400 ft above sea level at the Fall Line, which is the name given to the boundary between the Piedmont and Coastal Plain physiographic provinces. In general, this boundary is characterized by a series of rapids or falls where the streams tumble off the more resistant rocks of the Piedmont into the deeper valleys worn in the softer sediments of the Coastal Plain (Cooke, 1936) . The Piedmont is underlain by fractured crystalline rock consisting of intrusive granite, gneiss, schist, and metamorphosed volcanic rock. Most overlying soil is moderately to poorly permeable silty clay loams. Alluvial deposits of clay, silt, and sand are found along the valley floors (Bloxham, 1981) .
Gradual slopes and rounded summits characterize the upper Coastal Plain physiographic province in South Carolina, although there are several areas of intensely irregular terrain. Some hilltop elevations exceed 700 ft above sea level near the Fall Line, but land-surface elevations commonly are less than 200 ft above sea level at the boundary of the lower Coastal Plain. Extensive swamps and very wide floodplains are common to the four large, through-flowing rivers ( fig. 1) (Bloxham, 1976) .
In the lower Coastal Plain physiographic province, the land surface slopes from elevations of about 200 ft above sea level near the boundary of the upper Coastal Plain to sea level at the coast. Topographic relief in this area is much less than that in other areas of the State, and small stream drainage patterns are characteristically more erratic in the seaward direction. Large parts of the lower Coastal Plain river systems are swamplands. The highly permeable soils in this region are similar to those of the upper Coastal Plain, which readily absorb rainfall and retard runoff to stream channels, causing streamflow to rise and fall gradually (Bloxham, 1981) .
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PEAK-FLOW DATA
The empirical basis for estimating specific recurrence-interval flows is the water-year peak flows collected at streamflow-gaging stations. The first streamflow data collected in the study area was for the Savannah River at Augusta, Ga. The U.S. Weather Bureau, now the National Weather Service, began collecting data at this site in 1884. By 1930, streamflow data were collected at a network of sites by the USGS, in cooperation with the South Carolina State Highway Department, now the SCDOT (Guimaraes and Bohman, 1991) . By 1999, the USGS systematic datacollection program in South Carolina included 118 streamflow gaging stations and 53 crest-stage partialrecord sites. These data are collected in cooperation with many Federal, State, and local agencies in South Carolina (Cooney and others, 1999 data are collected and used to make adjustments to the stage-streamflow relation. At some crest-stage sites, indirect-flow computation methods are used to develop a theoretical rating. This method has been used extensively to compute flows from small drainage areas (Bodhaine, 1968) .
Data from 167 gaging stations on streams in South Carolina (54 stations) and adjacent areas of North Carolina (65 stations) and Georgia (48 stations) were used in the development of regionalized floodfrequency relations presented in this report ( fig. 1 , tables 1 and 2). The distribution of gaging stations used to develop these regression equations are presented by State and physiographic province in table 3. The distribution of systematic peak-flow record lengths used in the regional analyses is shown in figure 2 . Appendix A of this report contains the following data for each of the South Carolina stations: station description, drainage area, type of data recorder, extreme gage heights and flows for the period of record, description of the stageflow relation, and water-year peak stages and flows for the period of record. Flood-frequency data derived from the peak flows for South Carolina stations also are included in appendix A. Similar information can be obtained for the Georgia and North Carolina stations in reports by Stamey and Hess (1993) and Pope and others (2001) , respectively. Those flood-frequency data, however, may be slightly different from the data used in this study because of additional data that may have been collected since those studies were completed and because different regionalized skew coefficients were used. Station, regional, and weighted flows for selected recurrence intervals for the South Carolina stations used in the regional regression are presented in appendix B.
Five stations for which streamflow data are available were not included in the regionalization analysis for various reasons ( fig. 1 ). Stations 02197300, 02197310, and 02197315 (map index numbers 57, 58, and 59, respectively, fig. 1 ) in the Upper Three Runs basin of the upper Coastal Plain physiographic province were not included in the regionalization analysis because of the effects of large sand deposits in the upper end of the basin on rainfall runoff. Substantial amounts of rainfall runoff are stored in the sand deposits, diminishing the magnitude of peak flows for the Upper Three Runs basin compared to other basins in the upper Coastal Plain province. Therefore, the regionalized flood-frequency equations developed for the upper Coastal Plain province do not apply to this basin or to other basins physiographically similar to the Upper Three Runs basin (Guimaraes and Bohman, 1991) . In addition, Lanier (1996) , noted that Station 02197315 is affected by backwater from the Savannah River and, therefore, the data are not suitable for a flood-frequency analysis.
Catfish Canal near Conway, S.C. (map index number 55, station number 02131150) and Great Swamp near Ridgeland, S.C. (map index number 56, station number 02176875) were not included in the regional analysis because the flows are affected by channelization.
Quality Assurance/Quality Control
For this study, a comprehensive review was made of the peak-flow data. A minimum of 10 years of record was required for a station to be included in the analysis. The data at each station also were reviewed for homogeneity (time trends), which implies relatively constant watershed conditions during the period of record. The Kendall's tau statistic was chosen to assess the homogeneity of the record at each station. If it was determined that a station's record was not homogeneous, the station was excluded from the analysis. Additionally, the drainage basin for each station had to be substantially unaffected by regulation or urbanization. The peak-flow data for the stations that met these minimum criteria were then reviewed for quality assurance and quality control (QA/QC). Several computer programs were developed using commercial statistical software to automate the QA/QC reviews (C.L. Sanders, Jr., U.S. Geological Survey, written communs., December 1999).
The QA/QC computer program for reviewing continuous-record stations performs the following checks:
1. Computes a Kendall's tau to check for trends in the data over time;
2. Plots the peak streamflow by water year; 3. Plots peak stage against peak streamflow, which are then overlaid on the most recent rating to check for significant or abrupt changes; 5. Computes the peak gage height using the peak streamflow and the current rating, then compares the computed value with the peak gage height listed in the peak-flow file;
6. Computes the peak streamflow from the peak gage height and the current rating, then compares the computed value with the peak streamflow listed in the peak-flow file;
7. Relates the peak streamflow with the water-year maximum daily-value streamflow by regression; 8. Plots the peak streamflow regression line from the relation previously described (7) with the upper 95 percent confidence limit for daily-value streamflow, and the 1:1 line. If the peak-flow plots above the 95 percent confidence limit of the regression or below the 1:1 line, an error in the data may have occurred; 9. Flags September 30 and October 1 peak streamflow to verify that the maximum value did not occur at midnight at the beginning or end of the water year, on the recession from or rise toward a higher peak in the adjoining water year.
10. Checks for changes in flow patterns that might be a result of regulation or changes in regulation by plotting the cumulated ratio of 90 to 50 percentile daily-value streamflow by water year, cumulated weekday water-year 50 percentile streamflow, cumulated water-year mean weekday streamflow, cumulated Figure 2. Distribution of systematic peak-flow record lengths for rural streamflow stations used in the regionalization study.
Wateree River dam being overtopped by high flows on July 25, 1997 (photo by Toby Feaster).
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water-year mean weekend streamflow, cumulated ratio of 10 to 50 percentile streamflow by climatic year (April 1 to March 31), and cumulated weekday climatic-year 50 percentile streamflow; and 11. Presents data used in plots and regressions in tables.
The QA/QC computer program for reviewing crest-stage, partial record sites performs the following checks:
2. Plots the peak streamflow by water year; 3. Determines an index station (if one exists) by correlating concurrent water-year peak streamflow at the crest-stage station with water-year peak streamflow at all other stations statewide. The criterion for an index station to be chosen was that the index station peaks must be within +8 days of the crest-stage station peaks, must have more concurrent peaks than half the number of peaks at the crest-stage station, and must have a coefficient of determination (R 2 ) greater than 0.60; 4. Relates concurrent peak flows at the index station and the station being reviewed and plots the 95 percent confidence limits of the regression. If the peak-flow plots above the 95 percent confidence limit of the regression or below the 1:1 line, an error in the data may have occurred;
5. Flags September 30 and October 1 peak streamflow to verify that the maximum value did not occur at midnight at the beginning or end of the water year, on the recession from or rise toward a higher peak in the adjoining water year; 6. Plots the peak gage height against the peak streamflow and current rating (if available) to check for anomalies;
7. Plots water-year hydrographs of peak streamflow at the crest-stage station and daily-value streamflow at the index station to check the estimated date of the crest-stage peak;
8. Presents data used in plotting and regressions in tables.
According to Rantz and others (1982) , " . . . only as a last resort should the rating be extrapolated beyond a discharge value equal to twice the greatest measured discharge." Therefore, an additional check was made at the stations with established ratings by using the flowmeasurement files. The peak flows were plotted against water year along with the maximum (at this point in time) measured flow and the value equal to two times that maximum measured flow. This plot was used to review peaks that may have been estimated from an excessive stage-flow rating extension but not updated when the rating was later defined by higher flow measurements.
ESTIMATION OF FLOOD MAGNITUDE AND FREQUENCY AT GAGING STATIONS
A frequency analysis of water-year peak-flow data at a gaging station on a stream provides an estimate of the flood magnitude and frequency at that specific site. The estimates are typically presented as a set of exceedance probabilities or, alternatively, recurrence intervals along with the associated flows. Exceedance probability is defined as the probability of exceeding a specified flow in a 1-year period and is expressed as decimal fractions less than 1.0 or as percentages less than 100. A flow with an exceedance probability of 0.01 has a 1 percent chance of being exceeded in any given year. Recurrence interval is defined as the number of years, on average, during which the specified flow is expected to be exceeded one time. A flow with a 100-year recurrence interval is one that, on average, will be exceeded once every 100 years. Recurrence interval and exceedance probability are the mathematical inverses of one another; therefore, a flow with an exceedance probability of 0.01 has a recurrence interval of 1/0.01 or 100 years. It is important to understand, however, that recurrence intervals, regardless of length, always refer to the average number of occurrences over a period of time. For example, a 100-year flood is one that might occur one time in a 100-year period, rather than exactly once every 100 years. Therefore, a flood with a 100-year recurrence interval can occur more frequently than once every 100 years and could even occur more than once in a given year. When interpreting the flood-frequency probabilities and recurrence intervals, it is helpful to remember that the analysis is based on water-year peaks; therefore, the results are relative to probability of exceedance in any given year.
Flood Frequency
Flood-frequency estimates at gaged sites can be computed by fitting the water-year peak flows to a known statistical distribution. For this study, floodfrequency estimates were computed by fitting the 
where Values for K for a wide range of recurrence intervals and regionalized skew coefficients are published in appendix 3 of Bulletin 17B (Hydrology Subcommittee of the Interagency Advisory Committee on Water Data, 1982).
A series of water-year peak flows at a station may include low or high outliers, which are data points that depart significantly from the range of the remaining data. The station record also may include information about peak flows that occurred outside of the period of regularly collected, or systematic, record. These peak flows are known as historic peaks and are often the peak flows known to have occurred during an extended period of time, longer than the period of collected record. Bulletin 17B (Hydrology Subcommittee of the Interagency Advisory Committee on Water Data, 1982) provides guidelines for detecting and interpreting low and high outliers and historic data points and provides computational methods for making appropriate corrections to the distribution to account for their presence. In some cases, low or high outliers may be excluded from the record, so that the number of systematic peaks may not be equal to the number of years in the period of record.
Q T
is the T-year recurrence-interval flow, in cubic feet per second (ft 3 /s); X is the mean of the log-transformed water-year peak flows; K is a factor dependent on recurrence interval and the skew coefficient of the log-transformed water-year peak flows; and S is the standard deviation of the log-transformed water-year peak flows.
Skew Coefficient
A skew coefficient measures the symmetry of the distribution of a set of peak flows about the median of the distribution. A peak-flow distribution with the mean equal to the median is said to have zero skew ( fig. 3a) . A positively skewed distribution has a mean that exceeds the median typically as a result of one or more extremely high peak flows ( fig. 3b) . A negatively skewed distribution has a mean that is less than the median, typically because of one or more extremely low peak flows ( fig. 3c) (Pope and others, 2001 ).
The skew coefficient computed for a series of water-year peak flows at a single station can be weighted with a generalized, or regional, skew coefficient to obtain a better estimate of the station skew coefficient. A generalized skew coefficient can be obtained by combining skew estimates from nearby, similar sites. A nationwide skew study was conducted for the investigation documented in Bulletin 17B. Skew coefficients for long-term gaging stations throughout the Nation were computed and used to produce a map of isolines of generalized skew.
Bulletin 17B describes three methods for developing generalized skews using skew coefficients computed from long-term (25 or more years of record) gaging stations: (1) plot computed skew coefficients on a map and construct skew isolines, (2) use regression techniques to develop a skew prediction equation that would relate station skew coefficients to some set of basin characteristics, or (3) use the arithmetic mean of computed skew coefficients from long-term sites in the area. For this study, all three methods were attempted.
To develop the skew isoline map, skew coefficients from long-term gaging stations were plotted at the centroid of the watershed for each station. The map was then reviewed to determine if any geographic or topographic trends were visually apparent. No clearly definable patterns were found. Additionally, commercial contouring software was used to draw the skew isolines. Again, no definite geographic or topographic trends were revealed and the attempt to develop the skew isoline map was abandoned. It was noted, however, that skews in the Piedmont Province were predominately negative (24 of 35 stations). For the Blue Ridge, upper Coastal Plain, and lower Coastal Plain, the ratio of stations with negative skews to the total number of stations for that physiographic province were 10 of 20, 9 of 23, and 5 of 14, respectively.
Ordinary least squares regression was used to determine if a relation between the station skew and selected basin characteristics could be obtained. The regressions were performed on the complete data set and on the four physiographic provinces determined during the previous flood-frequency study (table 4) .
Multiple regression analysis, using ordinary least squares regression, was used to determine the relation between the station skew coefficients and selected basin characteristics. Table 4 list the explanatory variables that were found to be statistically significant for each region and for the State as a whole. Although the variables shown were determined to be statistically significant, the R 2 values only ranged from 0.11 to 0.53, which indicates the fraction of the variance explained by the regression (Helshel and Hirsch, 1992) . Consequently, it was concluded the relation between the station skews and the basin characteristics was weak and determining the generalized skew coefficients based on the regression analysis was not justified.
The third method for computing the generalized skew coefficients was to use the arithmetic mean of computed skew coefficients from long-term sites in the area. Before this was done, all stations with 25 or more years of record were evaluated to verify that all stations with significant regulation or that drained more than one physiographic province were removed from the data set. In addition, data at stations having low and high outliers in the frequency study as computed during the log-Pearson Type III analysis were not included in the skew computations. Descriptive statistics were computed for the different regions and the whole data set. Results from the statistics suggested that the skews were normally distributed. The SAS procedure Generalized Linear Model (GLM) was used to compare the To review the sensitivity of the mean skew to maximum and minimum skews, the mean skews were recomputed after excluding the maximum and minimum skews from each physiographic province and after excluding the two highest and two lowest skews. The results, which are provided in table 6, indicated that the weighted skews were not significantly affected by high and (or) low outliers.
The skew coefficients shown in table 5 were weighted based on years of record at the station. The skew coefficients shown in table 6 were not weighted. Although, it seems reasonable and appropriate to weight the skew coefficients by years of record, a comparison of the two tables suggest that, for the South Carolina generalized mean skew coefficients, the data were not significantly changed by weighting. The weighted skews from table 5, however, were used to compute the log-Pearson Type III frequency distributions for the regional regression analysis. Data, 1982) states that a mean square error of generalized skew of 0.302 should be used when the generalized skews are read from Plate I. As noted in table 5, the mean square errors of the generalized skews for South Carolina are much lower. The generalized skew map provided in Bulletin 17B was generated by averaging groups of 15 or more stations in areas covering four or more onedegree quadrangles of latitude and longitude. Consequently, the regions used for the current study in South Carolina do not compare geographically with the contours on the generalized skew map in Bulletin 17B and, therefore, a comparison of the means from the two studies does not necessarily provide substantial information. However, based on the results from the GLM test and on the improved mean square error when compared to the Bulletin 17B mean square error, the weighted skews listed in the table 5 were used to compute the log-Pearson Type III distributions.
Following Bulletin 17B guidelines, the assumption is made that the regionalized skew coefficient is an unbiased and independent estimate of the station skew. The mean square error of the weighted estimate, therefore, is minimized by weighting the station and regionalized skew in inverse proportion to their individual mean square errors. The following weighting equation was adopted from Tasker (1978) , and is used in computing the weighted skew coefficients: , 
Gw
where where MSE G is previously defined, |G| is the absolute value of the station skew coefficient (used as an estimate of population skew coefficient), and N is the record length, in years.
The USGS computer program PEAKFQ (W.O. Thomas, Jr., A.M. Lumb, K.M. Flynn, and W.H. Kirby, written commun., January 1998), was used to compute the relation between flood magnitude and probability of occurrence. PEAKFQ includes the features described in Bulletin 17B, but requires the user to exercise judgment when providing data on historic peaks, specifying screening levels for outliers, and interpreting the appropriateness of the resultant frequency curve to the observed data set. The weighted and station skew coefficients for the South Carolina stations used in the flood-frequency analyses are listed in appendix A. 
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Synthesized Peak Flow
Long-term flow records are not always available at a site; however, if concurrent rainfall and flow data are available, a rainfall-runoff model may be used to extend the records. Frequency data for four stations used in this report were from a study by Whetstone (1982) in which the USGS Rainfall-Runoff Model (Dawdy and others, 1972) was used to synthesize a series of water-year peak flows. The model utilizes 10 parameters to simulate the hydrologic processes of antecedent soil moisture, infiltration, and surface-runoff routing. Daily rainfall and evaporation data, and unit-value flow and rainfall data from several storm events collected over a period of 3 to 5 years were used to calibrate the model for each of the four basins. Longterm precipitation and evaporation data (more than 50 years of record) were used to synthesize a series of water-year peaks for use in subsequent frequency analyses (Guimaraes and Bohman, 1991) . Synthesized flows for these stations are not listed in this report; however, flood-frequency data derived from the synthesized flows are listed in table 7 along with the weighted flows computed for each site using the appropriate regression equations for each physiographic province and individual station flood-frequency data. 
ESTIMATION OF FLOOD MAGNITUDE AND FREQUENCY AT UNGAGED SITES
For this study, two regional analyses were used to develop methods for estimating flows for ungaged rural basins in South Carolina. Traditional regional regression analysis using generalized least squares regression was used to define a set of predictive equations. These equations relate peak flows for the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year recurrenceinterval flows to selected basin characteristics for ungaged, rural basins that are not significantly affected by regulation in each of four physiographic provinces of South Carolina ( fig. 1) . A second analysis was made using the region-of-influence method, which resulted in the development of a computer application to derive, for any given ungaged rural site in the Blue Ridge physiographic province, a unique predictive relation between the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year recurrence intervals and selected basin characteristics. Just as in the traditional regional regression, generalized least squares regression is used to develop this predictive relation. In the region-of-influence analysis, however, regression techniques are applied to only a selected subset of gaged sites, rather than the entire database of gaged sites.
Ordinary Least Squares Analysis
Ordinary least squares (OLS) regression techniques were used to select the explanatory variables that would define the final regression equations. In OLS regression, linear relations between the explanatory and response variables are necessary; consequently, variables must often be transformed. For example, the relation between drainage area and peak flow is typically not linear; however, the relation between the logarithms of drainage areas and the logarithms of peak flows often is linear. Homoscedasicity (a constant variance in the response variable over the range of the explanatory variables) about the regression line and normality of residuals also are requirements for OLS regression. Transformation of the flow data and other variables to logarithms enhances the homoscedasicity of the data about the regression line. Linearity, homoscedasicity, and normality of residuals were examined in residual plots. Initially, eight explanatory variables for the gaged, unregulated streams in rural drainage basins in South Carolina and additional gaging stations in North Carolina and Georgia were included in this study. These eight explanatory variables were: drainage area, the area, in square miles, of a basin; main-channel length, the length of the main channel, in miles, from the gaging station to the basin divide; main-channel slope, the slope of the main channel, in feet per mile, between points that are 10 percent and 85 percent of the main-channel length from the gaging station; elevation, the mean basin elevation in feet above sea level; forest cover, forested area, in percent of contributing drainage area; storage, area of lakes, ponds, and swamps, in percent of contributing drainage area; precipitation, the water-year mean precipitation, in inches, at the centroid of the basin; and runoff, the water-year mean runoff, in inches, at the centroid of the basin. In addition, cross products, such as drainage area times length, computed using the eight explanatory variables also were included in the exploratory OLS regression analysis. The use of cross products allows the regression lines to converge or diverge, thereby decreasing or increasing the effect of one variable with the effect of another variable. For example, the effect of main-channel slope on flood frequency may decrease with increasing drainage area.
In the initial OLS regressions, the regionalization scheme used by Guimaraes and Bohman (1991) , which divided the State into the Blue Ridge, Piedmont, upper Coastal Plain, and lower Coastal Plain, was found to be valid based on statistical significance of explanatory variables, comparisons of R 2 , and standard errors of the OLS regression equations for the regions and the State as a whole. In addition, plots of the logarithms of drainage area and logarithms of the 100-year recurrence-interval flows were used to graphically compare the regions and to help determine the validity of the boundaries of those regions. Regression residuals (for the 100-year peak flows) also were plotted at the centroid of their respective drainage basins and inspected for geographical patterns of bias. No distinct patterns were apparent in the mapped residuals for the four regions.
The hydrologic model used in the regression analysis is of the form: If the dependent and explanatory variables are logarithmically transformed, the hydrologic model has the following linear form:
where the variables are previously defined. The logarithmic relation is the form that was used in this study.
Basins in the Piedmont province of South Carolina tend to be more elongated than basins in Georgia and North Carolina, and the recurrence-interval flows for the Piedmont stations in South Carolina tend to be lower than those in Georgia and North Carolina. This difference in the recurrence-interval flows could be attributed to the difference in basin shapes because an elongated basin would tend to have a lower peak with a more spread-out hydrograph than a similarly sized basin that was wider and shorter. Consequently, a "qualitative variable" for State was included in the regression model to account for these differences. This qualitative variable also was found to be significant in the upper Coastal Plain. Guimaraes and Bohman (1991) also used a qualitative variable to differentiate between flows in the Piedmont of South Carolina and flows in the Piedmont of Georgia and North Carolina.
An example of the linear form of the hydrologic model including qualitative variables is:
where V is a qualitative variable that is set to 0 if the variable is geographically in State "x" or 1 if geographically in State "y". If the qualitative variable is determined to be significant by the regression analysis, the regression lines for the two States have the same slope, but different intercepts. The qualitative variable can be used to detect significant differences between States and to utilize data from both States where data are sparse.
Within each physiographic province, the 100-year recurrence-interval flow was regressed against the explanatory variables and a qualitative variable that denotes location by State. As previously mentioned, the qualitative variable was determined to be statistically significant by the regression analysis in the Piedmont and upper Coastal Plain (figs. 4 and 5) and indicated no statistically significant difference between the States for the Blue Ridge and lower Coastal Plain. For the Piedmont, the regressions indicated that Georgia and North Carolina data were not significantly different from each other, but were both significantly different from South Carolina (fig. 4) . Note that on figure 4 , the South Carolina data plots generally below the data points from Georgia and North Carolina. Although it is possible to use only South Carolina data in the regressions, the relation using the data from all three States with the qualitative variable was considered to be more definitive because of sparseness of the South Carolina data. Inclusion of the qualitative variable allows the data from each State to influence the slope of the overall relation, and at the same time permits a unique intercept value for the South Carolina relation.
As can be seen on figure 5, no Georgia stations were included in the South Carolina upper Coastal Plain regression analysis. The North Carolina Sandhills physiographic province is hydrologically similar to the South Carolina upper Coastal Plain. Georgia also has a Sandhill region that is narrowly banded near the South Carolina-Georgia border. However, there were no Georgia stations near the South Carolina border that were found to be hydrologically similar to the South Carolina upper Coastal Plain.
In addition to the qualitative variable described above, the explanatory variable determined to be the most significant in the OLS analyses for all regions was drainage area. In the Blue Ridge, other significant variables were chosen by the OLS regression model but did not reduce the standard error enough to warrant inclusion or were significant in only a few of the Q T flows and then became statistically insignificant in the higher recurrence intervals (50 years and above). The explanatory variables determined in the OLS regression analyses were used in the generalized least squares regression procedures.
Generalized Least Squares Analysis
Generalized least squares (GLS) regression, as described by Stedinger and Tasker (1985) , was used to compute the final coefficients and the measures of accuracy for the regression equations, using the USGS computer program GLSNET (G.D. Tasker, K.M. Flynn, A.M. Lumb, and W. O. Thomas, Jr., written commun., 1995). Stedinger and Tasker (1985) found that GLS regression equations are more accurate and provide a 
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better estimate of the accuracy of the equations than OLS regression equations when streamflow records at gaging stations are of different and widely varying lengths and when concurrent flows at different stations are correlated. Generalized least squares regression techniques give less weight to streamflow-gaging stations that have shorter periods of record than other stations. Less weight also is given to those stations where concurrent peak flows are correlated with other stations (Hodgkins, 1999) . Table 8 shows the peak-flow regression equations for recurrence intervals of 2, 5, 10, 25, 50, 100, 200 , and 500 years that resulted from the GLS regression analysis for South Carolina.
Accuracy of the Method
As shown in table 8, the regional regression analyses for South Carolina resulted in the development of a set of equations that allow the user to estimate the 2-, 5-, 10-, 25-, 50-, 100-, 200-, or 500-year recurrence-interval flood at an ungaged, unregulated stream in a rural drainage basin. When applying these equations, users should not interpret these empirical results as exact. These regression equations are statistical models that should be interpreted and applied within the limits of the data and with the understanding that the results are best-fit estimates with an associated scatter or variance.
One measure of how well the regression equations estimate the peak flows at an ungaged site is the standard error of prediction (S p ). The S p is the square root of the mean square error of prediction, MSEp. The MSEp is the sum of two components--the mean square error resulting from the model, γ 2 , and the sampling mean square error, MSE s,i, which results from estimating the model parameters from samples of the population. The mean square model error, γ 2 , is a characteristic of the model, is constant for all sites, and cannot be reduced by additional data collection. The mean square sample error, MSE s,i, for a given site, however, depends on the values of the explanatory variables, in this case drainage area (DA), used to develop the flow estimate at that site. Consequently, the sampling error can be reduced by additional data collection at existing stations, or by installing new stations in the same physiographic province, or some combination of both. The standard error of prediction for a site, i, is computed as: ,
(variables previously defined) and varies from site to site. Assuming the explanatory variables for the gaged sites in the regression are a representative sample of all sites in the region, the average accuracy of prediction for the regression model can be determined by computing the average standard error of prediction: , (8) where n is the number of observations and all other variables are previously defined.
The standard error of the model (SE (model) ) can be converted from log (base 10) units to percentage error by using the transformation formulas, +
and -, (10) where the variables were previously defined.
Similarly, the average standard error of prediction (S p ) can be transformed to positive or negative percentage error by substituting S p 2 for γ 2 in equations 6 and 7, respectively. Computation of S p,i for a given ungaged site, i, involves fairly complex matrix algebra; therefore, a computer program that computes the standard error of prediction for any study site has been developed. Appendix C provides details of the GLS regression method and calculation of prediction errors and intervals.
Another overall measure of how well regression equations can be used to estimate flood peaks when applied to ungaged basins is the PRESS ("PRediction Error Sum of Squares") (Helsel and Hirsch, 1992 ) statistic. The PRESS statistic is a validation-type statistic. To compute the PRESS statistic, one gaging station is removed from the stations used to develop the regression equation, then the value of the one removed is predicted. The difference between the predicted value from the regression equation and the observed peak flow at that station is computed. The gaging station that is removed is then changed and the above process repeated until every station has been left out once. The prediction errors are then squared and summed (Helsel and Hirsch, 1992) . PRESS/n is analogous to the average variance of prediction, and the square root of PRESS/n is analogous to the average standard error of prediction. Values of the square root of PRESS/n close to the values of the average standard error of prediction provide some measure of validation of the regression equations (Hodgkins, 1999) .
A third measure of the overall accuracy of the regression equations is the average equivalent years of record. This measure represents the average number of years of peak-flow data needed to provide an estimate by using log-Pearson Type III techniques that would be equal in accuracy to an estimate made by using regional methods (table 9). The average equivalent years of record is a function of the accuracy of the regression equations, the recurrence interval, and the average variance and skew of the water-year peak flows at gaging stations (Hardison, 1971 ).
Region-of-Influence Method
A new technique for estimating flood frequency at ungaged sites is the region-of-influence (ROI) method (Tasker and Slade, 1994; Tasker and others, 1996; Asquith and Slade, 1999; Pope and others, 2001) . In this method a regression equation is estimated for each ungaged site and for each recurrenceinterval peak flow. The regression equation for a site is computed using data from a unique region called the region of influence by Burn (1990a Burn ( , 1990b ) and suggested by Acreman and Wiltshire (1987) . The subset of gaging stations that make up the region of influence for each ungaged site is made up of the N nearest neighbors. In this method, the nearness of two neighbors is measured, not by the physical distance between the sites, but by a distance defined in terms of the watershed characteristics. The distance between any two sites, indexed by i and j, is determined by the Euclidean distance metric: , is the sample standard deviation for X k ; x ik is the value of X k at the ith streamflowgaging station; and x jk is the value of X k at the ungaged site, j.
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For this method to work, the value of N, the number of streamflow-gaging stations, should be large enough to have enough degrees of freedom in the regression to estimate two or three parameters.
To adapt the ROI method to South Carolina sites, the parameters p and N must be determined along with the identity of the basin characteristics that are used to compute d ij . Selection of the number of gaged sites, N, and the number and identity of the basin characteristics that will define the region of influence for South Carolina was done by systematically evaluating the PRESS (Helsel and Hirsch, 1992) statistic for N and p and for different basin characteristics. As previously mentioned, the PRESS statistic is a validationtype estimator of error that uses all observations except one to develop the equation, then estimates the value of the one left out. It then selects another observation to be left out, and repeats the process for each observation. The difference between the predicted and observed logarithms of flood peaks are squared and summed to compute PRESS. After testing several combinations of N and p with different combinations of basin characteristics, it was concluded that the best combination for South Carolina sites is, N=25, p=2, with basin characteristics log(elevation) and log(slope) used to define the distance metric based on minimizing the PRESS. Further, it was found that if the prediction site was in the Blue Ridge or Piedmont Province, the search for similar sites was limited to the Blue Ridge and Piedmont sites; If the prediction site was in one of the Coastal Plain Provinces, the search was limited to Coastal Plain Provinces.
To estimate recurrence-interval flows at an ungaged rural site, the ROI method performs GLS regression using estimation data from the 25 most similar sites in terms of elevation and slope. The ROI-GLS regression for each site where an estimate is needed uses log-transformed T-year flood peaks as response variables and log(AREA) and two qualitative variables as explanatory variables. The qualitative variables (STATE and PIED) are zero-one variables defined as follows: STATE = 1 if site is in South Carolina and STATE = 0 if not in South Carolina, and PIED = 1 if site is in the Piedmont Province and PIED = 0 if not in Piedmont. 
Comparison of Methods
The predictive abilities of the Regional Regression Equations (RRE) and ROI methods were compared using the ratio of the PRESS computed from the ROI method to the PRESS computed from the RRE. A ratio of less than one indicated that the ROI method is a better predictor at an ungaged site than the RRE method. Table 10 shows that the ROI method performed systematically better only in the Blue Ridge, and therefore, should be used only for that Province.
Limitations
The following limitations should be recognized when using either the regional regression equations or the region-of-influence method.
1. The methods should be used only for ungaged sites where the basin drainage area is between 0.6 and 945 mi 2 for the Blue Ridge, 0.1 to 1,430 mi 2 for the Piedmont, 4.7 to 1,720 mi 2 for the upper Coastal Plain, and 1.1 to 1,250 mi 2 for the lower Coastal Plain.
2. The methods should not be used for sites where the watershed is substantially affected by regulation from impoundments, channelization, levees, or other man-made structures.
3. The methods should not be used for sites on streams in urban areas unless the effects of urbanization are insignificant.
4. The methods do not apply where flooding is influenced by extreme tidal events.
5. The methods should be used with caution in areas where the streamflow characteristics have not been sufficiently defined by high-flow measurements ( fig. 1) . In York and Chester Counties, the regional equations tend to produce flow results that may be significantly lower than those obtained using flow records (Guimaraes and Bohman, 1991) . C.L. Sanders, Jr. (U.S. Geological Survey, written commun., Nov. 1993) observed that this area can be defined by the extent of the Iredell-Mecklenburg and Wilkes-Winnsboro-Mecklenburg soil types shown on the "General Soil Map, South Carolina" (Smith and Hollbick, 1979) . Sanders showed that the regressions equations developed by Gunter and others (1987) tend to produce more reasonable results in this area than do the equations developed by Guimaraes and Bohman (1991) . Until the streamflow characteristics in this area are sufficiently defined by higher flow measurements, the North Carolina rural flood-frequency equations by Pope and others (2001) and the North Carolina urban flood-frequency equations by Robbins and Pope (1996) can be used to estimate the magnitude and frequency of floods in the York and Chester County area.
6. The methods should be used with caution in the Upper Three Runs Basin in Aiken and Barnwell Counties in the western part of the upper Coastal Plain physiographic province. The regional equations tend to produce flows that may be substantially higher than those obtained using observed flow records for the Upper Three Runs Basin. To obtain flows for the Upper Three Runs Basin, either the station recurrence-interval flow should be used (appendix A) or the flow at an ungaged site should be adjusted by drainage area, using an appropriate Upper Three Runs gaging station as an index station.
Computer Software
A computer software program was developed that estimates flood frequency at rural ungaged sites in South Carolina. The computer application includes an executable program file and three supporting data files. All of these files must be located in a common directory for the computer program to work properly. Flood-frequency estimates provided by the computer program can be used alone or weighted with data from a nearby gaging station, as described in the Application of Methods section of this report. 
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Each time the computer program is executed, it produces flood-frequency estimates using the RRE method and, if the site is in the Blue Ridge Province, the ROI method. The computer program produces onscreen summary results and generates one or two output files containing the results of flood-frequency estimates at rural ungaged sites in South Carolina. The first output file contains flood-magnitude predictions, standard error of the predictions, and 90 percent prediction intervals for each recurrence-interval flow. The second output file is produced if the ROI method is used and contains detailed diagnostic information for the ROI method, including a listing of the ungaged site's "region of influence," as well as for each recurrence-interval flow, the unique regression equations, and overall prediction error statistics for the method. Appendix C provides details of the GLS regression method and calculation of prediction errors and intervals.
The computer program and necessary data files can be downloaded to a personal computer from the USGS website. To download the computer files using an internet browser, enter the following address: http:// sc.water.usgs.gov/SCFFREQ/. From there, download the compressed (or zipped) file named scff.zip to a designated directory on your personal computer. Extract the following six files from scff.zip: (1) scff.for is the program source code; (2) scff.exe is the executable file; (3) sc.cmn is a common block file used with the source code; (4) sc115.txt, (5) scroi.cr, and (6) scroi.rl are data files for the region-of-influence method. Once the files have been extracted, open a DOS window and type scff to run the program.
APPLICATION OF METHODS
The methods presented in this report can be used to estimate the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year recurrence-interval flows at ungaged sites and to improve estimates at gaged sites for unregulated, rural streams in South Carolina. To improve the estimated flow for a selected recurrence-interval flood at a gaged site, the flow at the gaged site should be weighted with the regional flow estimate using the number of years of station record and the accuracy of the regional flood-frequency relation, expressed in equivalent years of record (Hydrology Subcommittee of the Interagency Advisory Committee on Water Data, 1982) . The accuracy of the regional flood-frequency relations is the same as would be determined by gaging a stream for the number of equivalent years of record listed in table 9. Accuracy for the weighted estimate is the sum of the accuracy of each estimate in equivalent years of record, assuming the estimates are independent.
For ungaged sites, the regional peak-flow estimate for a selected recurrence interval can be improved if the site is located near a gaged site on the same stream that has at least 10 years of peak-flow record. Flows for ungaged sites are weighted according to the relative proximity, with respect to drainage area, of the ungaged site to the gaged site. Gaged sites having less than 10 years of peak-flow record should be treated as ungaged sites.
Flood Frequency at Gaged Sites for Streams Draining One Physiographic Province
Flood-frequency estimates at gaged sites can be improved by combining the estimate determined by regional methods with the estimate determined by fitting the log-Pearson Type III distribution to the peakflow record at the gaged site. The procedure for estimating a selected recurrence-interval flow at gaged sites can be computed using the following equation , (12) where The log-Pearson Type III flood-frequency data and weighted flows for the 2-, 5-, 10-, 25-, 50-, 100-, 200- , and 500-year recurrence interval floods for the South Carolina streamflow sites used in this report are presented in appendix B. The log-Pearson Type III flood-frequency data also are presented in appendix A.
Q T(w) is the weighted flow for the selected T-year recurrence interval, in cubic feet per second; N is the number of years of record used to compute Q T(s) ; Q T(s) is the estimated flow at the station from the log-Pearson Type III analysis for the selected T-year recurrence interval, in cubic feet per second; EY is the equivalent years of record for Q T(r) from table 9; and Q T(r) is the regional flow at the station for the selected T-year recurrence interval computed using the applicable regional relation from table 8, in cubic feet per second.
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The flood-frequency data were computed using available records through the 1999 water year and supersede the values presented by Guimaraes and Bohman (1991) .
Flood Frequency Near Gaged Sites on the Same Stream Draining One Physiographic Province
Peak flows for a selected recurrence interval at an ungaged site on a stream can be estimated by determining in which physiographic province ( fig. 1 ) the basin is located, computing the drainage area for the basin, and computing the flow using the appropriate regional flood-frequency relation from table 8. The regional estimate can be improved if the site is located on the same stream as a gaged site having at least 10 years of record and the drainage area of the ungaged site is within 50 percent of the drainage area of the gaged site. The weighted flow, Q T(w) , at the gaged site can be transferred to the ungaged site using the following equation: (13) and then a weighted flow value can be computed by the equation
where Q u is the flow at the ungaged site transferred from the gaged site in cubic feet per second (ft 3 /s); A u is the drainage area of the ungaged site, in square miles (mi 2 ); A g is the drainage area of the gaged site, in square miles; b is the exponent of the drainage area term of the regional flood-frequency relation for the applicable physiographic province and recurrence interval, from table 8; Q T(w) the weighted flow at the gaged site for the selected T-year recurrence interval, in cubic feet per second; Q u(w) is the weighted flow at the ungaged site for the selected T-year recurrence interval, in cubic feet per second;
This procedure should only be used to adjust the RRE estimate of flow if the drainage area of the ungaged site on the same stream as a nearby gaged site is within 50 percent of the drainage area of the gaged site. If it is not, use of the regional regression equations as described previously will provide the best estimate of flow.
Flood Frequency at Ungaged Sites on Streams Draining More Than One Physiographic Province
For an ungaged site that drains more than one physiographic province, the selected recurrence-interval flow may be computed by solving the appropriate equations for each physiographic province as though the drainage area were located entirely in each province, and then weight the flow as described below. 6) were not determined using the regional flood-frequency analysis because these sites are located on streams draining more than one physiographic province. The flood-frequency relations at such sites are not representative of the other sites used to develop the regional relations. Some of the streams listed above are subject to minor regulation at low to medium flows that do not significantly affect water-year peak flows. The logarithm of water-year peak flows for these stations was fitted to a log-Pearson Type III distribution to determine flows for selected recurrence intervals and are described in unnumbered text tables that follow.
Broad River
The Broad River originates in the Blue Ridge
Province of North Carolina and flows eastward and southward through the Piedmont to Columbia, S.C., where it merges with the Saluda River to form the Congaree River ( fig. 6 ). Floods on the Broad River consist primarily of unregulated runoff, although there is some regulation at low to medium flows (Guimaraes and Bohman, 1991) . Because the difference in the size of these two stations is small (approximately 1 percent), the data were combined. The combined period of record (1897-1907 and 1926-99) was used to compute the flood frequencies at Station 02161500.
Significant floods were recorded at Station 02161500 during water years 1928, 1930, and 1936 . To incorporate these historical floods into the frequency analysis at Station 02156500, which has an actual period of record for water years 1939-99, the water-year peak flows at Station 02156500 were regressed against the water-year peak flows at Station 02161500 for the concurrent peaks. The R 2 for this regression was 0.85 and the standard error of estimate was 15 percent. Therefore, the 1928, 1930, and 1936 peak floods were estimated at Station 02156500 from this regression. The peaks were then included in the Station 02156500 data as historical peaks and a historical period of 74 years (1926-99) was used in the log-Pearson analysis.
A similar regression analysis was made for Station 02153500 with Station 02161500. The R 2 from that regression was 0.56 and the standard error of estimate was 28 percent. Based on the R 2 , the standard error of estimate, and the difference in the drainage areas between the two stations (1,490 mi 2 and 4,850 mi 2 , respectively), the log Pearson analysis at Station 02153500 was computed using only the systematic record ).
An additional analysis was made using the period from 1939-83 for which data were simultaneously collected at Stations 02153500, 02156500, and 02161500. The relation between the drainage area and the 100-year flow at the three stations is shown in figure 7 . For the analysis using the complete period of record, the graph indicates a relatively linear relation with a slight increase in the slope between Stations 02156500 and 02161500. The plot of the simultaneous period from 1939-83 shows a similiar pattern with a slope between Stations 02153500 and 02156500 that is flatter but with a similiar increase in slope between Stations 02156500 and 02161500. Figure 7 also shows that the flood frequencies are sensitive to the larger flows (1928, 1930, and 1936) . Given the sensitivity to the larger flows and the similar change in slopes between Stations 02156500 and 02161500, the data suggest that using the estimated floods at Station 02156500 results in a more accurate estimate of the flood frequency.
The flows for selected recurrence intervals are tabulated below for Station 02153500, Broad River near Gaffney, S.C., Station 02156500, Broad River near Carlisle, S.C., and Station 02161500, Broad River at Richtex, S.C. 
FLOOD FREQUENCY AT GAGED SITES ON REGULATED STREAMS
Many of South Carolina's streams, especially the larger ones, are regulated by reservoirs. Flows from reservoirs are regulated to satisfy requirements for in-stream water-use downstream from the reservoirs, power generation, maintenance of lake levels for recreation, and flood control. Regulation procedures may change as flow requirements change. During extremely large floods, the relative effects of storage are diminished and operations are directed more toward preventing dam failure than toward flood control and protection of downstream property. Consequently, flood frequencies for regulated streams are dependent on many more factors than unregulated streams and are, therefore, quite complex and beyond the scope of this report.
For informational purposes, water-year peak-flow data for stations on regulated streams in South Carolina are provided in appendix C of this report. The locations of these gaging stations are shown on figure 5. Other useful information pertaining to regulated streams for which data are available is provided as published in the previous report by Guimaraes and Bohman (1991) . relation was established for the site using peak flows computed by the routing of synthesized inflow hydrographs through the reservoirs to the site based on operating conditions at the time of the study. The frequency data from that study for Station 02197000 are tabulated below. 
Water
Pacolet River
The Pacolet River originates in the Blue Ridge Province and flows southeastward to the Piedmont Province where it merges with the Broad River ( fig. 6 ). The South Pacolet River is regulated by Lake William C. Bowen, and the North Pacolet River is unregulated. Selected data for the reservoir are presented below (Ruddy and Hitt, 1990) . 203 Savannah River at Augusta, Ga.
7,510 34,500 51,500 69,000 105,000 140,000 180,000 
Name of reservoir
Date of completion
SUMMARY
Flood magnitude and frequency estimates are important factors in the design of bridges, highway embankments, culverts, levees, and other structures near streams. This report describes methods for determining flood magnitude and frequency at rural streamflow-gaging stations and rural, ungaged sites in South Carolina. For this study, 167 streamflow-gaging stations in or near South Carolina were used in the regional regression analysis (54 in South Carolina, 65 in North Carolina, and 48 in Georgia). Stations used for this study have 10 years or more of water-year peakflow data within a rural basin that is not significantly affected by regulation. The database has drainage areas that range from 0.1 to 1,720 square miles.
Peak flow data were analyzed for the mean, standard deviation, and skew using a log-Pearson Type III distribution. Using the station skew at sites with 25 years or more of data, generalized skew coefficients were developed for South Carolina. The skews were computed using a weighted arithmetic mean with the weight being based on record length. No statistically significant difference was found among the station skews in the Blue Ridge, upper Coastal Plain, and lower Coastal Plain. Station skews for the Piedmont, however, showed a statistically significant difference. Consequently, two generalized skew coefficients were computed for South Carolina and used in the final log-Pearson Type III analysis. The regional skew was weighted with the station skew and the weighted skew was used within the log-Pearson Type III analysis to determine the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year recurrence interval flows at each streamflowgaging station.
A region-of-influence method also was developed that interactively estimates the recurrence-interval flows for rural ungaged basins in South Carolina. The predictive errors from the regional regression method were compared with those from the region-of-influence method. From the comparison, it was concluded that the regionof-influence method only produced lower predictive errors in the Blue Ridge physiographic province; therefore, the region-of-influence method should be used only in the Blue Ridge. A computer program was developed that computes the selected recurrence-interval flows listed in the previous paragraph using the appropriate method as chosen by the user.
The methods described in this report are suitable only for use on unaltered, rural streams. These methods should not be used where dams, flood-detention structures, or other anthropogenic factors may significantly affect the peak-flow data. Furthermore, the models should be used within the range of the drainage areas used during model development for each physiographic province.
Appendix A provides the data for the 54 South Carolina gaging stations used in the frequency analyses. The appendix includes peak stages and flows, frequency and statistical data from the log-Pearson Type III analysis, and a station description. Appendix D provides peak stages and flows and a station description for regulated stations having 10 or more years of record. In addition, appendix D includes peak stages and flows, frequency and statistical data from the log-Pearson Type III analysis, and a station description for stations that drain more than one physiographic province but that are not significantly affected by regulation and have 10 or more years of record.
